more foci of cells transiently expressing a marker gene. The number of cells in a focus 
which express the exogenous gene product 48 hours post-bombardment often range from 
1 to 10 and average 1 to 3. 

In bombardment transformation, one may optimize the prebombardment culturing 
5 conditions and the bombardment parameters to yield the maximum numbers of stable 
transformants. Both the physical and biological parameters for bombardment are 
important in this technology. Physical factors are those that involve manipulating the 
DNA/microprojectile precipitate or those that affect the flight and velocity of either the 
macro- or microprojectiles. Biological factors include all steps involved in manipulation 

10 of cells before and immediately after bombardment, the osmotic adjustment of target cells 
to help alleviate the trauma associated with bombardment, and also the nature of the 
transforming DNA, such as linearized DNA or intact supercoiled plasmids. It is believed 
that pre-bombardment manipulations are especially important for successful 
transformation of immature embryos. 

15 Accordingly, it is contemplated that one may wish to adjust various of the 

bombardment parameters in small scale studies to fully optimize the conditions. One 
may particularly wish to adjust physical parameters such as gap distance, flight distance, 
tissue distance, and helium pressure. One may also minimize the trauma reduction 
factors (TRFs) by modifying conditions which influence the physiological state of the 

20 recipient cells and which may therefore influence transformation and integration 
efficiencies. For example, the osmotic state, tissue hydration and the subculture stage or 
cell cycle of the recipient cells may be adjusted for optimum transformation. The 
execution of other routine adjustments will be known to those of skill in the art in light of 
the present disclosure. 

25 

4.10.3 Agrobacterwm-Mediatev Transfer 

Agrobacteri urn-mediated transfer is a widely applicable system for introducing 
genes into plant cells because the DNA can be introduced into whole plant tissues, 
thereby bypassing the need for regeneration of an intact plant from a protoplast. The use 
30 of Agrobacteri wm-mediated plant integrating vectors to introduce DNA into plant cells is 
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well known in the art. See, for example, the methods described (Fraley et al, 1985; 
Rogers et al, 1987). Further, the integration of the Ti-DNA is a relatively precise 
process resulting in few rearrangements. The region of DNA to be transferred is defined 
by the border sequences, and intervening DNA is usually inserted into the plant genome 
5 as described (Spielmann et al , 1 986; Jorgensen et al , 1 987). 

Modern Agrobacterium transformation vectors are capable of replication in £ coli 
as well as Agrobacterium, allowing for convenient manipulations as described (Klee et 
al, 1985). Moreover, recent technological advances in vectors for Agrobacterium- 
mediated gene transfer have improved the arrangement of genes and restriction sites in 

10 the vectors to facilitate construction of vectors capable of expressing various polypeptide 
coding genes. The vectors described (Rogers et al, 1987), have convenient multi-linker 
regions flanked by a promoter and a polyadenylation site for direct expression of inserted 
polypeptide coding genes and are suitable for present purposes. In addition, 
Agrobacterium containing both armed and disarmed Ti genes can be used for the 

15 transformations. In those plant strains where Agrobacterium-mediated transformation is 
efficient, it is the method of choice because of the facile and defined nature of the gene 
transfer. 

Agrobacterium-mediated transformation of leaf disks and other tissues such as 
cotyledons and hypocotyls appears to be limited to plants that Agrobacterium naturally 

20 infects. Agrobacterium-mcdiated transformation is most efficient in dicotyledonous 
plants. Few monocots appear to be natural hosts for Agrobacterium, although transgenic 
plants have been produced in asparagus using Agrobacterium vectors as described 
(Bytebier et al, 1987). Therefore, commercially important cereal grains such as rice, 
corn, and wheat must usually be transformed using alternative methods. However, as 

25 mentioned above, the transformation of asparagus using Agrobacterium can also be 
achieved (see, for example, Bytebier et ai 9 1987). 

A transgenic plant formed using Agrobacterium transformation methods typically 
contains a single gene on one chromosome. Such transgenic plants can be referred to as 
being heterozygous for the added gene. However, inasmuch as use of the word 

30 "heterozygous" usually implies the presence of a complementary gene at the same locus 
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of the second chromosome of a pair of chromosomes, and there is no such gene in a plant 
containing one added gene as here, it is believed that a more accurate name for such a 
plant is an independent segregant, because the added, exogenous gene segregates 
independently during mitosis and meiosis. 
5 More preferred is a transgenic plant that is homozygous for the added structural 

gene; i.e., a transgenic plant that contains two added genes, one gene at the same locus on 
each chromosome of a chromosome pair. A homozygous transgenic plant can be 
obtained by sexually mating (selfing) an independent segregant transgenic plant that 
contains a single added gene, germinating some of the seed produced and analyzing the 
10 resulting plants produced for enhanced carboxylase activity relative to a control (native, 
non-transgenic) or an independent segregant transgenic plant. 

It is to be understood that two different transgenic plants can also be mated to 
produce offspring that contain two independently segregating added, exogenous genes. 
Selfing of appropriate progeny can produce plants that are homozygous for both added, 
15 exogenous genes that encode a polypeptide of interest. Back-crossing to a parental plant 
and out-crossing with a non-transgenic plant are also contemplated. 

Transformation of plant protoplasts can be achieved using methods based on 
calcium phosphate precipitation, polyethylene glycol treatment, electroporation, and 
combinations of these treatments (see, e.g., Potrykus et al, 1985; Lorz et al, 1985; 
20 Frommef a/., 1985; Uchimiya <?/ a/., 1986; Callisef a/., 1987; Marcotte et al , 1988). 

Application of these systems to different plant strains depends upon the ability to 
regenerate that particular plant strain from protoplasts. Illustrative methods for the 
regeneration of cereals from protoplasts are described (Fujimura et al, 1985; Toriyama et 
al, 1986; Yamada et al, 1986; Abdullah et al, 1986). 
25 To transform plant strains that cannot be successfully regenerated from 

protoplasts, other ways to introduce DNA into intact cells or tissues can be utilized. For 
example, regeneration of cereals from immature embryos or explants can be effected as 
described (Vasil, 1988), In addition, "particle gun" or high- velocity microprojectile 
technology can be utilized (Vasil, 1992). 
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